Treating dermatological pathologies with topical corticosteroids under occlusion is often more effective than nonocclusive therapy, especially in the treatment of psoriasis. Betamethasone valerate medicated plaster provides a controlled and localized method of dosing betamethasone valerate, a well-established corticosteroid with vasoconstrictive, anti-inflammatory, immunosuppressive, and antiproliferative properties. This self-adhesive plaster is approved for the treatment of inflammatory skin disorders that do not respond to treatment with less potent corticosteroids. As a patch, it offers all the clinical benefits of occlusive therapy such as increased penetration of topical agent into the area requiring treatment, enhanced skin hydration, and protection from local trauma or scratching. This translates into improved patient compliance, which is notoriously low in patients with dermatological conditions. This review presents the available clinical data from studies with betamethasone valerate medicated plaster in the treatment of psoriasis and other dermatoses and discusses its place in therapy for dermatological conditions.
Introduction
Dermatological disorders are responsible for significant morbidity in the general population, ranging from clinically minor conditions, such as mild acne and photoaging, to malignant skin cancers. Additionally, many common skin conditions are associated with a substantial burden on patients' quality of life (QoL). [1] [2] [3] [4] Psoriasis and atopic dermatitis (AD) are two common dermatological conditions that have been shown to significantly impair patient QoL, placing a significant burden on both healthcare systems and society. [5] [6] [7] [8] [9] [10] [11] In psoriasis and AD, the primary goal of treatment is to reduce symptoms to a level that restores QoL with minimal toxicity. Topical treatment is the first line for both these dermatological disorders, while phototherapy and systemic agents are reserved for recalcitrant or moderate to severe disease. [12] [13] [14] Corticosteroids are considered the cornerstone of topical treatment for patients with mild-to-moderate psoriasis and AD. [12] [13] [14] [15] Despite the extensive list of topical corticosteroids, compliance with their use remains an important issue. [16] [17] [18] Therefore, the advent of newer formulations for occlusive use, which can improve patient appreciation and adherence to medication, have greatly improved the effectiveness of treatment.
This review provides an overview on the use of betamethasone valerate medicated plaster (BMVP) in the treatment of psoriasis and other dermatoses and discusses their current place in the treatment of these conditions.
Betamethasone valerate medicated plaster
The self-adhesive medicated plaster form of betamethasone valerate (BMV) 2.250 mg is composed of a four-layer bioadhesive transparent film ( Figure 1 ) and has been developed for occlusive use. BMVP is 75×100 mm (75 cm 2 ) plaster and contains BMV 2.250 mg (30 μg/cm 2 ) with a concentration of 0.1% w/w in the active adhesive layer. BMVP (Betesil®, Beteflam®, Betatape®, Cortiflam®, Cortitape®) is currently available in Europe and Canada. ISSN: 1740-4398 REVIEW -Betamethasone medicated plaster in treatment of psoriasis drugsincontext.com
The indications for BMVP include inflammatory dermatological conditions that do not respond well to lower potency topical corticosteroid therapy (Box 1). 19 BMVP is identical to other BMV formulations in terms of active ingredient, strength, indications, and epidermal route of administration. However, different from other formulations, it offers the well-known clinical benefits of occlusive therapy, resulting in fast remission while being more discreet and acceptable to patients than conventional occlusive dressings. This is an important property because compliance with topical treatment of dermatological conditions is notoriously poor, and any measure that can improve it should be taken into consideration when selecting treatment. [16] [17] [18] BMVP can also be applied to areas to which conventional occlusive bandage cannot be easily applied. The plaster can be cut to provide uniform distribution of the active ingredient for localized penetration into the area requiring treatment. This avoids the use of cosmetically unappealing ointments with unpleasant drawbacks such as staining of clothing. Good adherence to the skin means that it is not removed by clothing, which minimizes waste of the active ingredient. The plaster also offers a degree of protection from local trauma to the affected skin, including accidental bumps and deliberate scratching by the patient, which could otherwise impede healing. Due to the occlusive nature of the dressing, it also provides increased hydration of skin, which is of particular benefit in both psoriasis and AD. Another advantage of BMVP is that when it is removed, the horny layers of psoriatic lesions are peeled off smoothly with the plaster, which can assist in the healing of lesions. Lastly, it limits the need for pretreatment 'cleaning' of lesions that is often necessary in the presence of thick or recalcitrant plaques on areas that are difficult to treat.
Pharmacokinetic and pharmacodynamics studies on BMVP
The pharmacokinetic properties of BMVP have been evaluated in three phase I studies. [20] [21] [22] In a repeat insult patch test, BMVPs were applied nine times over a period of 19 days in 28 healthy volunteers, with each application lasting 48 hours during the induction phase and 24 hours during the challenge. Blood samples were collected from 12 of these 28 subjects for pharmacokinetic analyses. No detectable betamethasone (BM) concentrations were found in the plasma of any of these 12 subjects; the limit of quantification was 0.5 mg/mL. 22 Plasma concentrations of BM have also been assessed following single and repeated applications of BMVP in six healthy volunteers and six patients with psoriasis vulgaris. Six plasters daily were applied to each participant over a period of 4 days, representing the maximum daily dose in patients with psoriasis affecting a body surface area (BSA) of no more than 5%. Pharmacodynamic studies have examined the vasoconstrictive, anti-inflammatory, and antiproliferative effects of BMVP. [23] [24] [25] The anti-inflammatory and vasoconstrictive effects of topical corticosteroids are believed to occur, at least in part, secondary to the binding of the corticosteroid to lipocortin 1, resulting in inhibition of the release of pro-inflammatory compounds.
Vasoconstrictive activity has been evaluated in a phase I double-blind placebo-controlled 'blanching test' by comparing occlusive treatment with BMVP to a cream containing an equimolar concentration of BMV in 26 healthy volunteers. The study medications were an 11 mm diameter BMVP, BMV cream 0.1% 28.5 mg, placebo plaster, and placebo cream; both BMV medications were equivalent to 28.5 µg of the active agent. Two other BMV creams of different strengths (0.05 and 0.12%) were also tested to gather more data on the formulations available in Europe, and a seventh body area was designated as a notreatment control. Skin colorimetry was performed before study medications were applied, when they were removed (16 hours), and at hourly intervals. The results revealed equivalent vasoconstrictive activity between BMVP and the BMV cream 0.1% and no significant difference between BMVP and 0.12% cream. 23 The anti-inflammatory activity of BMVP has been compared in a phase II double-blind double-dummy study with a BMV cream 0.12% in five eczematous contact dermatitis lesions induced with nickel sulfate on the forearms of 26 healthy volunteers with known sensitivity. The anti-inflammatory effect as assessed by colorimetry was equivalent between the two BMV formulations. The lack of a significant difference was confirmed by echographic evaluation of the dermis and epidermis. 24 A phase II double-blind placebo-and reference drug-controlled study in 25 patients with a psoriatic plaque measuring ≥5 cm in diameter evaluated the antipsoriatic activity of a 13 mm diameter BMVP 40 µg plaster, BMV cream 0.1% 40 µg, and clobetasol cream 0.05% 20 µg as reference drugs and placebo plaster. Four areas on each patient were treated with each of the study interventions, with a fifth area untreated as a negative control. All test medications were associated with antipsoriatic activity, as shown by reductions in the Psoriasis Area and Severity Index (PASI) score; a significantly greater reduction in the PASI score was associated with BVMP compared with the placebo patch (p<0.05). 25 
Efficacy studies
Since its introduction in the market, there have been a growing number of randomized studies evaluating the efficacy of BMVP in plaque psoriasis. [26] [27] [28] [29] [30] A first clinical trial conducted by Pacifico et al. preliminary demonstrated the superior efficacy of BMVP compared with BMV cream in the treatment of localized chronic plaque psoriasis. 29 This within-subject (right-left) randomized study involved 42 patients, mean age 46 years, with chronic psoriasis with symmetrical lesions (i.e. difference in size between corresponding lesions of ≤0.5 cm diameter), and was designed to compare the antipsoriatic efficacy of BMVP 0.1%, cut to the size of the lesion to be treated, and BMV cream 0.12% applied homogeneously over the treated lesion. Assessments included PASI and self-administered PASI (SAPASI) scores, photography, measurement of degree of skin hydration, and plasma cortisol levels (for safety assessment) performed before treatment and on day 30 (end of treatment). Treatment acceptability and compliance before, midway, during, and at the end of treatment were assessed by questionnaire.
The results showed that improvements in PASI and SAPASI scores, the degree of hydration, and success rate (defined as improvements of 50 and 75% in PASI and SAPASI scores) were significantly superior with BMVP than with the cream (p<0.001) ( Table 1 ). This superiority of BMVP over the cream was obvious in photographic analysis of the lesions ( Figure 2 ). Furthermore, individual components of the PASI and SAPASI scores were significantly improved with BMVP compared with cream (p<0.001) ( Figure 3 ). 29 Patients preferred BMVP over the cream formulation; specifically, they mentioned that the cream was too greasy and that the plaster was easier to apply. 29 Leone et al. published findings from a prospective randomized study evaluating BMVP in combination with 308 nm monochromatic excimer light (MEL) UVB phototherapy, which unlike narrow-band UVB can target single lesions without affecting surrounding tissue. A total of 19 patients with symmetrical psoriatic lesions on elbows or knees that were unresponsive to narrow-band UVB phototherapy were administered 12 sessions of MEL UVB phototherapy three times a week bilaterally. In addition, each patient applied a BMVP each day to a lesion on a randomly selected side. The reduction in baseline PASI score after therapy was 58.7% in the lesions treated with BMVP, compared with 40.1% for lesions treated with phototherapy alone. The investigators concluded that the use of BMVP in combination with MEL UVB phototherapy may result in complete resolution of psoriatic lesions faster than phototherapy alone. 26 Naldi et al. performed a prospective randomized assessor-blind parallel-group active-controlled multicenter phase III study in 231 patients with stable chronic plaque psoriasis vulgaris with two to four plaques on extensor surfaces of limbs (involving <10% of BSA) were randomized to receive BMVP 0.1% (n=116) or BMV 0.1% cream (n=115) for 3-5 weeks. 27 Patients with resolution of target plaques then entered a 3-month treatmentfree follow-up period. ISSN: 1740-4398 REVIEW -Betamethasone medicated plaster in treatment of psoriasis drugsincontext.com
The results showed that significantly more patients achieved clearing of target plaques after 3 weeks of BMVP compared with BMV cream when evaluated by blinded assessors (p<0.001) (Figure 4a) . Moreover, the proportion of patients with clearing of target plaques after 3 weeks was higher in the BMVP group (p<0.001 versus BMV cream) according to evaluation by the patient self-assessment and the investigator (Figure 4a ).
Among the 61 and 89 patients in the BMVP and BMV cream groups that were not cleared at 3 weeks and who proceeded with treatment for a further 2 weeks, clearing at 5 weeks was observed in more patients treated with BMVP than in those treated with BMV cream (Figure 4b ).
The total size of target plaques steadily decreased throughout the treatment period in both treatment groups; the difference reached statistical significance for the BMVP group at week 5 (p=0.017 versus BMV cream). Substantial reductions from baseline in mean PGA scores were observed in both treatments groups at weeks 3 and 5 with a significantly greater reduction in baseline PGA score with BMVP compared with BMV cream (p≤0.016). 27 Similar reductions from baseline were observed in both treatment groups at weeks 3 and 5 considering severity of itching and soreness, with no significant differences between groups. Acceptability/satisfaction and ease of use were high for both treatments: satisfaction of patients was higher with BMVP while BMV cream was easier to use; compliance was similar between the two treatments. 27 A multicenter prospective randomized investigator-blinded controlled noninferiority trial compared the efficacy and safety of BMVP to calcipotriol-betamethasone dipropionate (CBD) ointment during 4 weeks of treatment of patients with mild-to-moderate chronic plaque psoriasis involving less than 10% of BSA. 28 The primary efficacy endpoint was the four-item psoriasis total severity score (TSS-4) at week 4, and
In this study, the primary efficacy outcome was number of patients with plaque clearing (lack of active plaques after 3 weeks in target skin areas) based on Psoriasis Global Assessment (PGA) score evaluated by blinded assessors using digitized images. Other endpoints included number of patients with clearing based on patient-and investigator-evaluated PGA scores after 3 weeks and clearing after 5 weeks treatment and change from baseline in PGA score based on blinded assessment and patient and investigator evaluation. Change in target plaque size from baseline was further assessed by blinded evaluation. The authors also evaluated self-assessed itching and soreness with a 0-10 categorical scale (0 = no symptoms, 10 = very severe symptoms), treatment satisfaction, and ease of use (0 = very poor, 10 = excellent). 27 BMV, betamethasone valerate; BMVP, betamethasone valerate medicated plaster; PASI, psoriasis area and severity index; SAPSI, self-administered PASI.
the associated noninferiority margin was 1 point. Secondary outcome measures included PGA score and QoL assessed with the dermatology life quality index (DLQI).
A total of 324 patients were randomized to BMVP (n=165) or CBD (n=159), and considered invaluable for both safety and intention-to-treat (ITT) (all randomized patients who received at least one dose of study treatment) efficacy analyses; 32 patients in the CBD groups and 28 patients in the BMVP group did not complete the study and were therefore excluded from the per protocol (PP) population analysis. There was no significant difference between the two groups considering age, gender, body mass index, medical history, concomitant diseases, previous and concomitant medications, history of previous psoriasis, relevant treatments, and current psoriatic condition. Mean exposure was 26.3 days in the BMVP group and 26.6 days in the CBD group. 28 A significant decrease in mean TSS-4 was observed at week 4 in both groups, with comparable mean change (p=0.001). The BMVP was noninferior to CBD considering adjusted mean scores at week 4, (1.981 in BMVP and 1.693 in the CBD group), with a 0.288 (95% CI: 0.610-0.034) difference between means. 28 Secondary efficacy indexes were significantly reduced or improved from baseline at all post baseline time points for both PP and ITT analyses in both groups (p<0.05). No difference in the PP analysis was observed between groups in most variables including weeks 1-3 and follow-up TSS-4 total score; TSS-4 subscores for erythema, elevation and pruritus; PGA scores; active lesions disappearance at week 4, DLQI scores at weeks 1-3 and 3 months; rates and median time to relapse/ rebound (56 versus 57 days in the BMVP and CBD groups ); TSS-3 total score at week 4. 28 The DLQI score was slightly better in the CBD group at week 4, with no difference observed at follow-up. 28 In a phase II single-center randomized 4-week study, fixed combination calcipotriol (Cal) plus BM aerosol foam and BMVP were applied once daily to six test sites (three for each treatment) in 35 patients with stable plaque psoriasis. Absolute change in total clinical score (TCS; sum of erythema, scaling, and infiltration) represented the primary efficacy endpoint, with changes from baseline in each individual clinical score, ultrasonographic changes (total skin and echo-poor band thickness) as safety secondary endpoints; a post hoc analysis evaluated change from baseline in TCS on difficult-to-treat areas. 30 The mean change in total clinical score from baseline was greater for Cal/BD foam (-5.8) than BMVP. For each clinical sign, greater changes for Cal/BD foam were observed from day 8. Cal/BD foam led to a greater absolute total skin and echo-poor band thickness change compared with BMVP. Both treatments were well tolerated. 30 Of note, in this preliminary study on efficacy and safety, Cal/ BD aerosol foam was not administered according to the methods described in the Summary of Product Characteristics (Enstilar, Summary of Product Characteristics) -that is, the foam-treated skin areas were covered with a bandage (gauge) whose potential occlusive nature/effects were not investigated. In addition, no evaluation of untreated and covered areas was performed, meaning that there was no negative control, which ISSN: 1740-4398 REVIEW -Betamethasone medicated plaster in treatment of psoriasis drugsincontext.com cream (visual analogue scale (VAS) score at week 4: 5.6; p<0.005) ( Figure 5 ). Both treatments had high cosmetic acceptability and tolerability. Moreover, 10 of 11 patients preferred the BMVP because the occlusive dressing significantly reduced the ability to scratch the lesions (p<0.05). 31 The efficacy and safety of BMVP demonstrated by these randomized studies have been confirmed in large observational studies. The LIBERE study, a multicentric open-label prospective study, was performed in France by 132 investigators and included 258 patients with any inflammatory skin disease not exceeding 5% of BSA. In the patients the physician had previously decided to prescribe BMVP according to its approved indications. 32 Disease severity was assessed using a PGA score with detailed evaluation of patient satisfaction assessed by physicians and patients as well as QoL (DLQI).
All patients were prescribed to apply up to six BMVP per day during a treatment period not exceeding thirty days. Patient assessment and data collection were performed at inclusion and at end of the study. The most common reasons for treatment were chronic plaque psoriasis (48.6%), eczema (33.9%), and other dermatoses (such as granuloma annulare, lichenifications, lichen planus, and palmoplantar pustulosis). DLQI scores decreased from 10.0±5.4 to 3.5±3.5 (p<0.0001) over the study period with absolute score reductions of 7.8±4.7 in eczema and -5.6±5.0 in other dermatoses. In patients with psoriasis, the mean absolute reduction was found to be -6.1±5.1 ( Figure  6 ); accordingly, impairment in disease-related QoL went from strong to mild in both eczema and psoriasis and from moderate to mild in other dermatoses. Disease-related impact on QoL improved during treatment, which was rated as 'moderate' or 'important' by 71.6% of patients at the study start to 'none' or 'mild' after completion of treatment in 77.8% of patients. Ease of use and rapidity of application were rated as good or very good may represent significant bias. As mentioned, these are only preliminary findings that need further investigation.
Another study evaluated the efficacy and safety of BMVP in patients with Prurigo nodularis, a distressing condition characterized by the presence of multiple nodules associated with intense pruritus. In this study, BMVP was compared with a moisturizing itch-relief cream containing feverfew in 11 patients who completed 4 weeks of therapy. 31 After obtaining a non-pruritic state (mean of 7 days), skin lesions regressed gradually, and nodules flattened and softened within 4 weeks of treatment in 7 of 11 (63.6%) patients in both body halves. In addition, 63.7% (7/11) of patients treated with BMVP had either moderate or marked improvement compared with 27.3% of patients treated with the moisturizing itch-relief cream. Skin symptoms were effectively treated both by the BMVP and moisturizing itch-relief cream. However, lesions treated with BMVP showed greater reduction from baseline in itch (VAS score at week 4: 3.9; p<0.005), infiltration, and excoriation compared with lesions treated with moisturizing itch-relief 
Safety/tolerability data for BMVP
The safety of BMVP is largely expected to mirror the safety of its active ingredient, which is now well established since it was first approved in 1967. [33] [34] [35] [36] [37] [38] As such, the above-cited studies have demonstrated a high level of safety/tolerability for BMVP.
The skin atrophogenic potential of BMVP has been assessed in a randomized vehicle-and reference drug-controlled investigator-blind phase I study in 18 healthy volunteers. Skin thickness was evaluated weekly for 3 weeks using echography and clinical scores for skin atrophy and telangiectasia. Study treatments were occlusive application of BMVP, one of two marketed BMV creams 0.1%, base cream, or plaster placebo; one area was left untreated, but occluded, as a control. Skin thickness was significantly thinner for all three active controls compared with placebo and base cream (p<0.01). 39 HPA-axis suppression is probably the most well known and potentially the most serious effect associated with systemic absorption of topical corticosteroids. 40 A phase I study designed to evaluate the effect of BMVP on the HPA axis following systemic absorption was conducted in six healthy volunteers and six patients with psoriasis vulgaris. Subjects were treated with six BMVPs daily over 4 consecutive days, based on the dosage proposed for psoriasis with 650 cm 2 of BSA involvement. Blood samples taken before, during, and after treatment were used to assess systemic exposure to the active drug and its effect on plasma cortisol levels. After a single 24-hour application of six BMVPs, there was a significant decrease in plasma cortisol levels from baseline in healthy volunteers (p=0.03), but the reduction seen in patients with psoriasis was not significant. However, during 4 days of repeated application of six BMVPs, plasma cortisol levels in healthy volunteers returned to a mean level that was not significantly different from baseline, while levels in the patients with psoriasis remained stable. 20 Moreover, there were no instances when morning cortisol dropped below 70 μg/L, which is the laboratory reference level considered indicative of HPA-axis suppression ( Figure 7 ).
The integrity of the HPA axis was also assessed before and after 21 days of treatment using a 30-min adrenocorticotropic hormone (ACTH) test in patients with chronic psoriasis vulgaris receiving six BMVPs daily and an equivalent amount of BMV 0.1% cream as a comparator. The normal 24-hour cortisol profile and unmodified cortisol response to the rapid ACTH test ruled out any effect of treatment on the HPA axis. 21 The lack of interference of the BMVPs with the HPA axis and plasma cortisol concentrations was further confirmed in the study of Pacifico et In the study by Saraceno et al., likewise, no cases of HPA-axis suppression were observed. 31 These results suggest that though there is evidence that BMV is released from BMVP into systemic circulation and reduces cortisol levels, there is unlikely to be clinically relevant HPAaxis suppression even during intensive use of plasters. This finding is in line with current opinion that the risk of HPA-axis suppression is only an issue with topical administration of very high potency corticosteroids; additionally, the use of BMVP at the maximum recommended dosage (six plasters per day) would result in a total exposure to the active ingredient of 94.5 mg over 1 week, which is well in line with current medical practice/regulatory recommendations. 26, 29 In fact, the recommended oral dosage of BMV of 2.4-4.8 mg/day rarely results in HPA-axis suppression in adults. It is also worth noting that BMVP is not generally recommended for use on body areas with high absorptive capacity. These data suggest that HPA-axis suppression is unlikely to be an important concern associated with BMVP use. Safety data on localized toxicity was also reported in the study by Pacifico et al. 29 No adverse events were reported during 30 days of treatment with BMVP or BMV cream 0.12% among the 42 patients, and there was no evidence of local irritation affecting any of the treated lesions. No safety or tolerability concerns were observed in later studies. 27, 28 In all studies carried out to date, there have been no serious adverse events or deaths reported. The nature and severity of adverse events seen in trials reflect the known and expected toxicity for topical corticosteroids. The fact that topical corticosteroid therapy is combined with phototherapy in current therapeutic practice also supports the premise that there is no risk of phototoxicity, and BMVP use is not expected to be associated with any major safety concerns.
Place of BMVP in therapy
Treating dermatological conditions under occlusion has often been shown to be more effective than nonocclusive therapy. BMVP allows a more convenient, controlled, and localized form of occlusive therapy. As such, BMVP is indicated for the treatment of inflammatory skin disorders that do not respond to treatment with less potent corticosteroids; due to its particular pharmaceutical form, BMVP is suitable for chronic plaque psoriasis localized in difficult-to-treat areas (e.g. knees, elbows, and anterior face of the tibia on an area not greater than 5% of BSA).
Although clinical study data with BMVP on conditions other than psoriasis are still relatively scarce, BMVP represents an alternative method of delivering a well-established agent, [33] [34] [35] [36] [37] [38] and for this reason its use might be extended to other dermatological conditions sensitive to topical BMV therapy. As for other topical corticosteroids, BMVP is not indicated for dermatological lesions caused by viruses, bacteria, or fungi. 19 Lesions affected by acne (or acne rosacea), perioral dermatitis, skin ulcers, burns, frostbite, or other injuries should not be treated with BMVP. Furthermore, BMVP should not be used in patients aged <18 years due to lack of clinical data supporting such use. There are no adequate controlled studies in humans evaluating the risks associated with the use of topical corticosteroids during pregnancy or lactation. However, both systemic BMV and potent topical corticosteroid therapies have been shown to have adverse effects on fetuses in animal studies, and BMVP should only be prescribed during pregnancy when the benefit will outweigh the risks. 19, 41 Systemic corticosteroids are also known to be distributed in breast milk. The extent to which topical corticosteroids may also become distributed in breast milk has not been established, and caution is advised with the use of such therapy in nursing women; this precaution should be extended to BMVP.
As systemic absorption of BMV with BMVP use is negligible, there is little basis for concern regarding interactions with systemic agents even though interactions with oral BMV have been described. 19 Moreover, there are no known interactions between topical BMV and other topical agents, despite their extensive use over several decades. It can, therefore, be concluded that BMVP can normally be used concurrently with other pharmacological treatment regimens without any safety or efficacy concerns related to interactions. However, medicinal products containing corticosteroids, such as BMVP, must be used with caution in patients with impaired immune system function (T-lymphocytes) or in those being treated with immunosuppressive therapy.
In conclusion, the current evidence suggests that BMVP is indicated for localized treatment of dermatological conditions (i.e. plaque psoriasis) that do not respond well to lower-potency topical corticosteroids. It offers the clinical benefits of occlusive therapy such as good hydration, which results in fast remission, and is an important and established tool in the armamentarium of clinicians managing a wide array of dermatological conditions. Funding declaration: Article processing charges were funded by IBSA Institut Biochimique SA.
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